This Resource Letter provides a guide to the physics-related literature about energy-and-society. Journal articles, books, and websites are cited for the following topics: general references, textbooks, other pedagogical resources, population growth, fossil fuels, global warming, nuclear power, side effects of nuclear power, fusion power, renewable resources (including hydroelectric, biofuels, wind, photovoltaics, direct solar, geothermal, hydrogen, and energy storage), energy efficiency, and transportation efficiency.
37 chapters include human energy, fire, waterwheels, wind energy, steamelectric power, transportation, six chapters on fossil fuels including separate chapters on diesel and jet fuel and gasoline, three chapters on nuclear power including fusion, chapters on environmental effects, and three chapters on renewables (biomass, wind, solar). There are no exercises or problems. This calculus-based textbook for advanced undergraduates and graduate students provides tools for solving the problem of providing energy cleanly, safely, and sustainably. Chapters 1-6 include sustainability, evaluation of resources, measuring performance, and environmental effects. Chapters 7-15 cover energy sources: fossil, nuclear, biomass, geothermal, hydro, solar, ocean, and wind. Chapters 16-21 cover storage, distribution, electric power, end uses, and complex systems analysis. Each chapter includes problems, recommended reading, and web sites. Saddle River, NJ, 4th edition 2007). This conceptual-physics textbook for nonscience college students covers the big ideas of physics, emphasizing modern physics and societal connections. It includes a chapter on the energy future plus sections on the automobile, transportation efficiency, resource use, exponential growth, ozone depletion, global warming, radiation risks, and risk assessment. Each chapter includes "concept checks," review questions, conceptual exercises, and problems. (E) 8. Environmental Physics, E. Boeker and R. van Grondelle (John Wiley & Sons, Chichester, UK, 1995). This calculus-based textbook for upper-level undergraduate physics students includes a long chapter on "Energy for Human Use" (heat transfer, fossil fuels, energy conversion, renewable sources, and nuclear energy), plus chapters on environmental spectroscopy, climate change, the transport of pollutants, noise, and energy policy. Each Hafemeister's series of "science and society tests" aim at a middle, "sophmore physics" level between qualitative discussion and sophisticated analysis. These six articles from the series deal with energy-related topics such as energy efficiency, passive solar energy, photovoltaics, utility load management, economics, car efficiency standards, uranium enrichment, the greenhouse effect, nuclear reactor accidents, radon in buildings, acid rain, freeway noise, and the 55 mph speed limit. 16. Website of New York State's National Energy Education Development Project (NEED). NEED promotes an energy-conscious and educated society by creating networks of students, educators, business, government, and community leaders to design and deliver objective, multi-sided energy education programs, curriculum materials, and professional development; http://www.need.org.
C. Other General References
The following references discuss the full range of energy resources: fossil, nuclear, renewables, and efficiency.
Energy At the Crossroads: Global Perspectives and Uncertainties, V.
Smil, (MIT Press, Cambridge MA, 2003) . This overview covers long-term trends, energy linkages (to economics, environment, war), forecasting (Smil is against it), fossil-fuel futures, nonfossil energies, and possible futures. The final chapter comments on where we are and where we might be going. For a similar but shorter overview, see V. Smil, "Energy in the 
D. Population Growth
The energy used by a particular nation is usually considered to be proportional to three factors: the nation's population, its gross national product per capita, and a technology factor that expresses the amount of energy needed to create one unit of gross national product. Economic and technological factors are discussed in many of the references in this Resource Letter, but unfortunately most articles overlook the population factor. Since population growth is so important in every aspect of energy and society, this subsection covers this topic. Gibson (Halsted Press, New York, 1981) . Each chapter of this coal industry overview can be read independently. Introductory topics include coal's physical nature, resource extent, mining, and uses. This is followed by detailed chapters on combustion, carbonization, gasification, liquefaction, chemicals from coal, and chapters on the economics of each of these processes. A concluding section on energy policy covers distribution of coal to users, coal's relationship to nuclear power and other energy sources, and coal's role in world energy strategies. (A) 44. "King Coal's Weakening Grip on Power," S. Dunn, WorldWatch 12 (5), 10-19 (September-October 1999). Coal is increasingly recognized as a leading threat to health and the environment; there is a growing consensus that it's time to replace it with cleaner, and ultimately cheaper, alternatives. After discussing health hazards, environmental damage, carbon emissions, and job losses in the industry, the article discusses two key policies to reduce coal use: removing subsidies, and energy taxation, so that the price of coal reflects its true environmental and human costs. (E)
Fossil fuels are finite resources. A vast literature is devoted to determining how much remains to be produced, how long it will last, and the consequences of declining supplies. In the case of oil, the predicted date of the peak of world production is an important issue, because oil prices are expected to increase following the peak. M. King Hubbert's famous prediction in 1956, that U.S. oil production would peak around 1970, was scoffed at but has proved accurate. Research Letters 1, 6 pages, (October-December 2006); available at http://iop.org/EJ/erl. Rather than an economic crisis following the global peak in "conventional" oil (from wells), the peak will be accompanied by a transition to tar sands, heavy oil, gas-to-liquid synfuels, coal-to-liquid synfuels, and oil shale, all of which can be produced at $40-$50 per barrel. Instead of a sudden shock, there will be economic, security, and environmental problems as we negotiate this transition. The main dangers will be environmental. Using just a quarter of the world's coal as coal-to-liquid would increase atmospheric greenhouse gas concentrations by about 300 parts per million. . A new U.S. Geological Survey (USGS) predicts rising conventional oil production for 25 more years. Most industry experts predict that improved technology will hold off the peak in world oil production and keep prices down, perhaps until midcentury. However, U.S. consumption keeps rising while U.S. production will keep falling, so the U.S. will depend increasingly on foreign oil. (E) 52. "News Focus: Gas Hydrate Resource: Smaller But Sooner," R.A. Kerr, Science 303, 946-947 (February 13, 2004). Gas hydrate (methane trapped in subsurface ice) has been discovered on the deep sea floor and in Arctic permafrost. If 1% of it were commercially extracted, the world would be awash in natural gas. The first controlled attempt to produce gas from hydrate, in 2002, was a success. Gas hydrate might be produced within 10 to 20 years, and could make a significant contribution in 30 years. 
B. Global Warming and Other Side Effects of Fossil Fuels
As ). This textbook, by the cochair of the scientific assessment working group for all three reports of the Intergovernmental Panel on Climate Change, is based on those reports, is written for a nontechnical audience, includes end-of-chapter exercises, and is suitable for the general public and for environmental courses. It includes chapters on the greenhouse effect, past climates, modeling, current and future warming, impacts, uncertainties, a climate-stabilization strategy, and the energy future. 
V. NUCLEAR ENERGY
Global warming has recently prompted a reassessment of nuclear power, because nuclear power provides large-scale electricity without greenhouse gases. Nuclear enthusiasts are predicting a new era for nuclear power, many environmentalists are becoming more friendly toward nuclear power, and all observers are cooling toward coal power unless accompanied by carbon sequestration.
A. General References on Nuclear Power
Here, "nuclear power" means energy obtained from fission. Fusion power is discussed in a separate subsection.
75. Nuclear Energy: Principles, Practices, and Prospects, D. Bodansky (Springer-Verlag, New York, 2nd edition 2004). Developed from teaching notes for a physics course on energy production and consumption, this book is a comprehensive account for scientists and engineers. Chapters cover the motivation for nuclear energy, the history of nuclear power, radioactivity, radiation exposure, nuclear reactions, fission, chain reactions, types of reactors, the nuclear-fuel cycle, nuclear waste (4 chapters), reactor safety, accidents, future reactors, nuclear weapons and terrorism, nuclear-weapons proliferation, electricity costs, and prospects for nuclear energy. ). This is a discussion of nuclear power and nuclear weapons, including how nuclear reactors and nuclear weapons work, reactor types, biological effects of radiation, safety and nuclear accidents, nuclear power's future, reducing greenhouse-gas emissions, comparing nuclear power with other energy sources, and arms control. The authors support nuclear power while opposing fuel reprocessing, opposing breeder reactors, and favoring renewables and energy efficiency. . This is a critical look at nuclear power in light of nuclear proponents' claim that they have the solution to global warming. Charman argues that nuclear power cannot make a significant dent in carbon emissions, is too expensive, is too accident-prone despite recent innovations such as passive safety designs, and has an unsolved nuclear-waste problem that cannot be solved by reprocessing. 
B. Side Effects of Nuclear Fuels
Like fossil fuels, nuclear power has substantial side effects. One of these is definitely positive: To the extent that it substitutes for fossil fuels, nuclear power alleviates global warming. The main negative side effects are nuclear proliferation and nuclear terrorism, radioactive waste, and power-plant accidents.
Refs. 89-91 discuss nuclear power and global warming. This topic is also discussed in several of the above references on global warming, and in Ref. . This article presents a 2050 energy scenario that assumes 50% increases in population and per capita energy consumption, while holding CO 2 concentrations to 550 ppm. The energy comes, in equal amounts, from fossil, renewables, and nuclear, the latter requiring 4000 gigawatt-scale reactors. The article discusses safety, reactor designs, economics, waste disposal, nuclear proliferation, and nuclear power's contribution to solving global warming. (I) 91. "Playing Politics With Energy Policy: The Phase-out of Nuclear Power in Sweden," R.E. Lofstedt, Environment 43 (4), 20-33 (May 2001). Do nations like Sweden, Germany, and Italy really wish to revert to coal as a way toward a greener society, when a carbon-free source is already in place? This article studies the effect on global warming of Sweden's planned nuclear-power phaseout. A phaseout will increase Sweden's imports of coal-generated electricity, causing increased carbon emissions. Sweden, where polls show the population considers global warming to be more dangerous than nuclear power, is reassessing its planned phaseout. (I)
Refs. 92-97 discuss nuclear proliferation and nuclear terrorism, often considered to be the most serious side effect of nuclear power. 
C. Fusion Power
Energy problems loom so large that most observers believe it's essential to be at least on the road to solving them within a few decades. But even by the most optimistic estimates, practical power from nuclear fusion will not begin to be available for several decades. Thus, most experts consider fusion to be so far in the future, or so technically problematic, as to be largely irrelevant to today's energy-and-society problem. Although only two references on fusion are listed below, Refs. 1-4, 17, 18, 20, 21, and 110 also contain sections on fusion. . This article discusses the need for fusion power, how a tokamak fusion reactor works, the difficulties of making it work, the Joint European Torus experimental reactor, and the planned International Thermonuclear Experimental Reactor. It is hoped that ITER will achieve full power deuterium-tritium operation by 2021, and that construction on a demonstration power plant can begin in 2025 with operation perhaps 10 years later. (I)
VI. RENEWABLE ENERGY
Renewable energy (resources that are replaced by natural processes within a human lifetime) offers an endless supply but at a limited sustainable rate, with greatly reduced or zero greenhouse-gas emissions and few other harmful side effects. For this and other reasons, most renewable forms of energy have expanded rapidly in recent years, especially wind (24% worldwide growth in 2005), photovoltaics (45%), and biofuels (19%). . Shelter comes at great cost to the planet. "Green" techniques can provide comfortable, affordable, beautiful homes at low economic and ecologic cost. Although not quite a "how-to" book, this book contains practical information on techniques, materials, and products. Energy-related chapters include energy-efficient design and construction, earth-sheltered architecture, passive heating and cooling, electricity from the sun and wind, sustainable water and waste, and a guide to publications and organizations. (E) 
A. General References On Renewable Resources

Clean Energy
B. Specific Renewable Resources and Related Topics
The following specific renewable resources are also discussed in the preceding general references on renewable resources. Refs. 120-122 discuss hydroelectric energy. . The debate over large dams is at a stalemate. There is praise for their provision of irrigation, electricity, water supply, flood control, navigation, and recreation, but criticism of their social and environmental costs, population displacement, reduction in floodplain and delta productivity, and losses of freshwater biodiversity. Are benefits greater than costs? We should focus less on building new dams and more on improving the functions of existing dams. Several suggestions are given for improving decision-making processes. . This is a textbook for science and engineering undergraduates seeking a broad perspective on biomass resources. It includes the biorenewable-resource base, production of biorenewable resources, products, conversion of resources into heat and power, processing into chemicals and fuels, processing into natural fibers, environmental impact, and economics. . Energy outputs from ethanol produced using corn, switchgrass, and wood biomass, and from biodiesel using soybeans and sunflower, are found to be less than the respective fossil energy inputs. For example, corn ethanol requires 29% more fossil energy than the fuel produced, and switch grass requires 45% more. The authors include such factors as energy used in pesticide and fertilizer production, running farm machinery, and irrigating, grinding, and transporting the crop. (I)
Refs. 127-131 discuss energy from wind. A major breakthrough in wind energy technology is the development, by China, of magnetically levitated wind turbines to reduce friction and enable start-up at wind speeds of 1.5 m/s and continuous operation at average wind speeds of 3 m/s. This will increase the capacity and reliability of wind energy, and permit installations in new locations. This development has not yet been reported in the permanent literature, but information is available at http://www.worldwatch.org/node/4217. html. This 56-minute film is narrated by John Cleese and accompanied by a 22-minute science-education film for high-school and college students. Focusing mainly on photovoltaics, the film tours the history of solar power from wave-particle duality to the first solar-powered batteries, to current solar panels. Kohn has a message: "I am convinced that energy is one of the make-or-break challenges of our times." (E)
The following reference discusses active and passive solar techniques. 
VII. ENERGY EFFICIENCY AND CONSERVATION
Here, "energy efficiency" means measures taken to reduce energy use while getting the same energy services, and "energy conservation" means lifestyle changes that save energy. Replacing incandescent bulbs with compact fluorescents is an example of efficiency, while commuting on a bicycle instead of in a car is an example of conservation. Energy efficiency acts like an energy resource. In fact, there is evidence that, by 2000, efficiency measures that were added since 1975 were contributing as much in energy services as oil and gas combined (Ref. 7, page 416).
Many experts consider a combination of renewable resources with energy efficiency and conservation to be the key to providing sustainable energy services to a growing and aspiring world population while maintaining a healthy environment. Thus, it's not surprising that many of the above references on Renewable Energy also discuss energy efficiency.
Section A below covers energy efficiency and conservation outside of the transportation domain; Section B covers transportation. 
A. Energy Efficiency and Conservation
B. Transportation Efficiency and Conservation
Transportation devours two-thirds of the oil consumed in the United States, and the situation is similar in most other industrialized nations. Since oil is central to the problems of energy and the environment, it is especially important that transportation be as energy efficient as possible. Consequently, much has been written about saving transportation energy, not only through fuel efficiency but also through lifestyle changes such as reduced automobile use, alternate transportation modes, and reduced suburban sprawl. This subsection explores these issues. Refs. 138-147, on hydrogen, also deal mostly with transportation systems.
Refs. 161-163 address the problem of automobile overuse, while Ref. 164 takes a global view of the "external costs" of driving. Kunstler explains how American towns turned into car-dependent suburbs, and how they might be turned back into humane communities. Proposed remedies include sound planning principles, and an end to "compulsive commuting, the unreality of the suburb, the alienation of downtown, the vulgarity of the highway strip, and the destruction of our countryside. This article analyzes the private and social costs of vehicle use. Automobiles have many "external" costs including air pollution, congestion, accidents, global warming, and urban sprawl. How can we measure and manage these costs? Based on a survey of studies, the authors find that the external costs of driving are 13-68 cents per mile, equivalent to $3-$17 per gallon. The article discusses how new technology, management of transportation infrastructure, and economic and tax policy can attain a more sustainable transportation future.
Refs. 165-168 look at reducing oil consumption by improving engine efficiencies and switching to more renewable fuels. 
